(19) 



J 



Europalsch s Pat ntamt 
European Pat nt Offic 
Office europeen des brevet 



(12) 



(43) Date of publication: 

01.10.1997 Bulletin 1997/40 

(21) Application number: 97302171.0 

(22) Date of filing: 27.03.1997 



(n) EP 0 798 170 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCI.6; B60R 21/16, B60R 21/22 



(84) Designated Contracting States: 


• Lunt, Larry F. 


DE FR GB IT 


Brlgham City, Utah 84302 (US) 




• Saderholm, Davln G. 


(30) Priority: 27.03.1996 US 625438 


Salt Lake City, Utah 84103 (US) 




• Minert, Daniel G. 


(71) Applicant: MORTON INTERNATIONAL, INC. 


Clearfield, Utah 84015 (US) 


Chicago, Illinois 60606 (US) 






(74) Representative: 


(72) Inventors: . 


Bankes, Stephen Charles Digby et al 


• Storey, Kirk J. 


BARON & WARREN 


Farmington, Utah 84025 (US) 


18 South End 


• Olson, Brent K. 


Kensington 


Clearfield, Utah 84015 (US) 


London W8 5BU (GB) 



(54) Airbag cushion having compression-deployed section 



(57) An airbag module having a cushion with a com- 
pression-deployed volume (24). The module includes 
an inflator which produces a quantity of inflation gas. 
This gas inflates only a first volume (22) of the cushion, 
which is positioned to protect a first portion (32) of a pas- 
senger's body. Compression of the first volume by the 
passenger forces the gas from the first volume into a 
second volume (24), to thus inflate the second volume. 
The second volume is positioned to protect a second 



portion (34) of the passenger's body. The initial quantity 
of inflation gas is thus reused, reducing the amount of 
gas required. This in turn reduces the size and cost of 
the inflator. The module is preferred for side impact pro- 
tection, and a fold arrangement suited to accurate de- 
ployment is provided. The folded cushion may be se- 
cured to the inflator by a. frangible film wrap, eliminating 
the need for an exterior housing. The module is prefer- 
ably mounted upon the side of the passenger seat back 
(16), 
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Description 

This application is related to US 5,454,595, filed 
September 08, 1994, and issued October 03, 1995, 
which is incorporated by reference herein and made a 
part hereof, including but not limited to those portions 
which specifically appear hereinafter. 

The present invention relates in general to airbag 
passive restraint systems. In particular, the present in- 
vention relates to an improved cushion and cushion fold 
arrangement, preferably for side impact collision protec- 
tion. 

Airbag passive restraint systems are increasingly 
common, and typically include several basic compo- 
nents. A typical airbag system includes an inflator for 
generating a quantity of gas. A cushion is connected to 
the inflator to receive the gas, and thus inflate the cush- 
ion. The actual inflation of the cushion occurs over a very 
short period of time, typically on the order of 10 millisec- 
onds for front impact cushions and 6 milliseconds for 
side impact cushions. In the uninflated state, the cush- 
ion is often mounted to or with the inflator, and both the 
inflator and cushion are typically enclosed within a hous- 
ing. The combination of a housing, inflator and cushion 
is typically referred to as a module. 

The single most important design consideration for 
an airbag module is of course passenger safety. While 
this criteria is always foremost, it is also desirable to 
make modules smaller, lighter, and less expensive. Pre- 
vious efforts to reduce size, weight and cost have, for 
example, resulted in the elimination of walls within the 
inflator between the gas generant pellets and the filter. 
Recent trends include fluid fuelled inflators, such as 
shown in US 5,470,104 to Smith et al. and assigned to 
the assignee of the present invention, and an attach- 
. ment between the cushion and inflator which permits the 
cushion to be secured in its folded state to the inflator 
by a frangible film wrap, eliminating the housing, as 
shown in copending US Serial No. 08/543, 953 to Bunker 
et al., which is incorporated by reference herein and 
made a part hereof, including but not limited to those 
portions which specifically appear hereinafter. 

In previous designs, the cushion was inflated to the 
full size needed to protect the desired portion(s) of the 
passenger's body, typically the chest or torso, and the 
head. While it has been known that the different parts 
of the body do not compress the cushion at the same 
time (for example, the head typically follows the torso), 
this fact has not been exploited to alter module design 
for reduced size, weight and cost, while still providing 
complete passenger safety. 

An object of the present invention is to provide an 
airbag module providing passenger safety while reduc- 
ing size, weight and cost. 

Another object of the present invention is to provide 
an airbag module which produces a reduced amount of 
inflation gas, yet reuses this gas to cushion different 
parts of the passenger's body at different times during 



a single collision. 

A further object of the present invention is to provide 
an airbag module which inflates a first cushion volume 
to protect a first part of the passenger's body, with the 

s compression of the first volume forcing the same gas 
into a second cushion volume to protect a second part 
of the passenger's body. 

Another object of the present invention is to provide 
a method of protecting a passenger by inflating a first 

10 volume, compressing the first volume with a first part of 
the passenger's body to cushion the impact of a colli- 
sion, and by this compression forcing the same gas into 
a second volume which is then compressed by, and 
cushions, a second part of the passenger's body. 

is Yet another object of the present invention is a side 
impact module that provides these features, in addition 
to others. 

A further object of the present invention is a method 
of folding a cushion for such a side impact module which 

20 provides small folded size and accurate deployment to 
the proper position. 

These and other objects are achieved by an airbag 
module having a cushion with a compression-deployed 
volume. The module includes an inflator which produces 

25 a quantity of inflation gas. This gas inflates only a first 
volume of the cushion, which is positioned to protect a 
first portion of a passenger's body. Compression of the 
first volume by the passenger forces the gas from the 
first volume into a second volume, to thus inflate thesec- 

30 ond volume. The second volume is positioned to protect 
a second portion of the passenger's body. The initial 
quantity of inflation gas is thus reused, reducing the 
amount of gas required. This in turn reduces the size 
and cost of the inflator. The module Is preferred for side 

35 impact protection, and a fold arrangement suited to ac- 
curate deployment is provided. The folded cushion may 
be secured to the inflator by a frangible film wrap, elim- 
inating the need for an exterior housing. The module is 
preferably mounted upon the side of the passenger seat 

40 back. 

The objects and features of the invention noted 
above are explained in more detail with reference to the 
drawings, in which like reference numerals denote like 
elements, and in which: 

45 

Fig. 1 is a detail side view showing a cushion ac- 
cording to the present invention mounted in a vehi- 
cle; 

Figs. 2a-d are illustrations of the motion of a pas- 
50 senger, and inflation of the cushion of the present 
invention, during a collision; 
Fig. 3 is a cross-sectional view along line 3-3 of Fig. 

1; 

Figs. 4-7 are alternative arrangements to that 
55 shown in Fig. 3; 

Fig. 8 is a graph illustrating the differences in output 
pressure over time for different classes of inflators. 
Fig. 9 is a detail side view of an uninflated cushion 
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according to the present invention illustrating infla- 
tor mounting: 

Fig. 10 is a top view, in partial cross-section, of a 
module according to the present invention mounted 
to a vehicle component; 

Figs. 11-16 are schematic illustrations of a first em- 
bodiment of a folding procedure for the cushion of 
the present invention; 

Figs. 17-22 are schematic illustrations of a second 
embodiment of a folding procedure for the cushion 
of the present invention; 

Figs. 23-30 are schematic illustrations of a first in- 
ventive embodiment of a folding procedure for a 
standard cushion; 

Figs. 31-38 are schematic illustrations of a second 
inventive embodiment of a folding procedure for a 
standard cushion; 

Figs. 39-42 are schematic illustrations of a third in- 
ventive embodiment of a folding procedure for a 
standard cushion; 

Fig. 43 is a cross-sectional view similar to that taken 
along line 33-33 of Fig. 32, illustrating a second in- 
version embodiment; and 

Fig. 44 is a side view of a second embodiment of a 
cushion according to the invention. 

With reference to Fig. 1 , a cushion according to the 
present invention is generally designated by reference 
numeral 10. As shown, the cushion is located within the 
passenger cabin of a vehicle. In its general form, the 
cushion 10 could be located at any position within the 
cabin known to be provided with an airbag passive re- 
straint. Suitable locations include the dashboard to pro- 
tect a passenger, the steering wheel to protect the driver, 
the rear of the seats to protect/the rear passengers, the 
ceiling, doors, etc. In the preferred form, the cushion 10 
is located to act as a side-impact passive restraint. As 
such, when deployed the cushion will be located inter- 
mediate a seat 1 2 and a cabin side 1 4 (typically a door). 
More particularly, the cushion will be intermediate a por- 
tion of the body of the passenger seated in seat 12 and 
the side 14. 

Prior to deployment, the folded cushion 10 may be 
located at any location which will permit it to expand to 
its deployed condition within the small amount of time 
required. For the preferred side-impact use, suitable lo- 
cations include the cabin roof above the cabin side 14, 
a pillar (not shown) or other cabin element adjacent the 
side 1 4, the side 1 4 itself (e.g. , in the door), and the seat 
12. It is preferred that the cushion be mounted to the 
seat 12. This is because seats in vehicles are often mov- 
able to accommodate passengers of different sizes. 
•Mounting the cushion to the seat 12 will thus result in 
proper placement of the cushion with respect to the seat 
(ana" thus most likely the passenger in the seat), regard- 
less of the seat position. 

Vehicle seats typically include a back 16 and a bot- 
tom 1 8. The cushion could be mounted to the exterior 



side of the bottom 18 if desired. However, since protec- 
tion is often only necessary for th chest and head re- 
gion of th passenger, it is preferred that the cushion be 
mounted to the exterior side of the seat back 16, as 

5 shown in Fig. 1. 

As shown in Fig. 1 , the cushion (in the form of a 
side-impact cushion) may take the general form of an 
■L", with the foot of the L being formed by an extension 
section 20. The upright of the L includes a first volume 

10 22 in direct communication with the extension section 
20. The upright also includes a second volume 24 in 
communication with the first volume. The first and sec- 
ond volumes are separated along a demarcation line 26. 
In use, the first volume 22 is inflated with a quantity 

is of gas, but the second volu me is not inflated. As the pas- 
senger compresses the first volume to absorb the force 
of the collision, the gas is forced into the second volume, 
causing its inflation. The passenger may then compress 
the second volume for further protection. 

20 This arrangement is suitable because the human 
body is jointed at the neck, shoulders, hips, etc. This 
jointing results in movement between the various parts 
of the body during a collision. This movement in turn re- 
sults in different parts of the body requiring protection at 

25 different times. This is illustrated in Figs. 2a-d. 

These figures depict the motion of the human body, 
and the action of the present invention, during a side 
impact collision. In each figure there is shown a passen- 
ger 28 having a pelvic region 30, a torso 32, and a head 

30 34. Passenger 28 is seated in the seat 12, and is adja- 
cent to the side 14 of the vehicle. As noted, the jointing 
of the human body permits relative movement between 
the torso 32 and pelvic region 30, and between the torso 
32 and head 34. Passenger 28 would also typically have 

35 limbs jointed to the torso (shoulders) and pelvic region, 
but these limbs are considered less critical for injury pre- 
vention, and are typically adequately protected along 
with the rest of the body, or by other passive restraint 
systems. 

40 Fig. 2a depicts passenger 28 the instant before a 
side impact collision. At this instant the passenger is up- 
right, with the torso extending vertically from the pelvic 
region, and the head aligned with the torso. Fig. 2b de- 
picts the first instants of the side-impact collision. The 

45 force of the collision is directed upon the side 14 in a 
direction to the left in the figure. As such, the vehicle is 
subject to a high acceleration toward the left. The seat 
1 2, being secured to the vehicle, is also subject to this 
acceleration. 

50 The passenger 28 is resting in the seat 1 2, and thus 
the acceleration is transferred to the passenger. How- 
ever, the passenger is not rigidly secured to the seat, 
and the passenger is not rigid. As is well known, objects 
at rest will stay at rest until acted upon by a force. Here, 

55 the passenger will tend to stay at rest until acted upon 
by the seat accelerating toward the left. 

The pelvic region 30 is som what secured to the 
seat bottom 18 due to the large amount of surface con- 
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tact and the force of the upper body pressing against 
the seat bottom. As such, the pelvic region will be ac=- 
celerated to the left. Some sliding on the seat will occur, 
but this is not illustrated for clarity. 

While the pelvic region is accelerated toward the s 
left, the contact between the seat back 1 6 and the torso 
32 is not nearly so great as that with the pelvic region. 
As such, the torso 32 tends to stay at rest to a greater 
extent. This results in the pelvis accelerating left with 
respect to the torso, causing the torso to rotate clock- 
wise about the pelvic region. In a similar manner, the 
head 34 tends to stay at rest. The rotation of the torso 
in turn induces a counterclockwise rotation of the head. 

It is noted that at this time the cushion 10 has de- 
ployed, and the first volume 22 is filled to a pressure P-, 
which is sufficient to provide protection to the torso. The 
second volume 24 is not inflated at this time. Fig. 2c. il- 
lustrates a slightly later time, where the acceleration of 
the pelvic region has continued, causing further rotation 
of the torso. The rotation of the torso is sufficient that it 
has engaged the first volume 22, and is compressing 
the first volume. This compression has nearly stopped 
the rotation of the torso, and the head 34, which has 
been moving to the right following the torso, continues 
in its movement, causing the head to begin rotating 
clockwise, opposite to its original rotation. 

The compression of the first volume has exerted a 
force to slow the movement of the torso without causing 
injury. Conversely, the force applied to compress the 
first volume has increased the pressure within the first 
volume above a predetermined threshold pressure P 2 - 
As such, the gas within the first volume has begun to 
flow into the second volume, beginning its inflation. This 
inflation will continue at least during the time that the 
first volume is compressed. 

With reference to Fig. 2d, at a slightly later time the 
movement of the torso has been stopped completely by 
the force exerted by the compressed first volume. Al- 
though the torso has been stopped, the head 34 contin- 
ues its relative movement to the right and its clockwise 
rotation. In this figure the second volume has been fully 
inflated, and is positioned to protect the head 34. In a 
manner similar to the torso and first volume, the head 
34 has just begun to compress the second volume, pro- 
tecting the head. During compression of the second vol- 
ume, the gas may be vented to permit the desired com- 
pression. Alternatively or additionally, a portion of the 
gas may be forced back into the first volume to permit 
the compression. Furthermore, as the gas cools, the 
pressure will also decrease, again softening compres- 
sion. 

As may be seen, the motion of the passenger's body 
is not rigid, and flexing of the joints will occur. This in 
turn results in different portions of the body being in dif- 
ferent positions at any particular time. More importantly, 
the different positions of the various portions of the body 
means that the cushion exerts force upon the different 
portions at different times. It is this fact which is exploited 



in the present invention to deploy the cush ion in sections 
timed to apply force to only those portions which cur- 
rently, are in the proper position. Furthermore, the 
unique use of the force-applying compression to cause 
the later inflation of subsequent sections of the cushion 
permits the inflation gas to be reused for applying force 
in the different section of the cushion. In this manner 
excellent protection is provided to the passenger, while 
less gas is required. This permits the use of a smaller, 
lighter and less expensive inflator. 

As may be envisioned, the demarcation line 26 be- 
tween the first and second volumes must provide a 
mechanism which restricts gas flow sufficiently to permit 
the first volume to achieve the pressure without in- 
flating the second volume. This mechanism must also 
permit the gas to flow quickly from the first volume to the 
second volume when the pressure in the first volume 
exceeds the pressure P 2 due to compression by the 
passenger's body. Various mechanisms may be em- 
ployed to achieve this result. 

It is first noted that the particular mechanism em- 
ployed will depend to a certain extent upon the construct 
tion and shape of the cushion 10. For example, many 
cushions are formed by simply placing two nearly iden- 
tical sheets of suitable fabric one upon the other, and 
sewing about the aligned edges. This is often the case 
lor driver side and side-impact cushions. Other cushions 
are more complex, and may take the form of a central 
strip of fabric bent into a U shape, with side panels sewn 
to each edge of the central strip along the crossbar and 
legs of the U shape. Such a cushion is typically em- 
ployed for passenger side protection. Beyond these ba- 
sic forms, cushions have been employed which have 
lobes or protrusions extending outward from the main 
body of the cushion. For simplicity and brevity, the 
mechanism for controlling flow will be described with re- 
gard to a simple, and preferred, cushion construction. 
Those skilled in the an wilt readily recognize adaptations 
for use in other, more complex, cushion constructions. 

With reference to Fig. 3, a first mechanism for con- 
trolling flow is illustrated. As shown, the cushion 10 is 
constructed of first and second sheets 36 and 38 of suit- 
able fabric, each having a peripheral edge 40 in the L 
shape shown in Fig. 1 . The sheets have been laid upon 
each other and sewn about the majority of the aligned 
edges, as illustrated by sew line 42. Other methods of 
securing the edges together, such as adhesives, heat 
bonding, ultrasonic bonding, etc. could also be used. 

As shown, in this embodiment the demarcation line 
26 between the first and second volumes 22 and 24 is 
formed by a baffle 44. The baffle takes the form of a 
rectangular strip of fabric, preferably of the same type 
used to form the first and second sheets. The rectangu- 
lar baffle is located between the sheets 36 and 38, with 
the short edges of the rectangle adjacent the vertical 
peripheral edges 40 of the cushion, and each of the long 
edges secured to a respective one of the sheets 36 and 
38, such as by sew line 46. The baffle includes one or 
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more vent holes 48. 

As may be envisioned, the body of the baffle pre- 
vents gas flow between the first and second volumes 22 
and 24. The vent hole(s) 48, and any spacing (not 
shown) between the short ends of the rectangular baffle 
and the edges of the sheets, will permit restricted flow 
of gas. The amount of flow permitted will of course de- 
pend upon the size and number of the vent holes, and 
the size of the spaces at the ends of the baffle. 

The flow may thus be adjusted by providing greater 
or fewer numbers of vent holes 48, changing the diam- 
eter of the vent hole(s), or shortening or lengthening the 
rectangular baffle 44. With regard to the end spaces, 
forming the baffle with a length equal to the spacing be- 
tween the peripheral sew line 42 will cause the ends of 
the baffle to be sewn between the sheets 36 and 38 of 
the cushion, eliminating the end spaces. As such, for a 
given P., and expected compression range, the baffle 
may be designed to provide the desired flow to prevent 
\nit\a\ inflation, but permit later inflation. 

In this regard it is noted that simply using the baffle 
will permit some of the initial gas to flow directly into the 
second volume. However, the amount of gas will not be 
sufficient to cause true operative inflation, and thus 
meets the definition of "un inflated - as used herein. 

If it is desired to seal the second volume to a greater 
degree, it is possible to form a frangible seal line 50 
along the demarcation line. As shown in Fig. 3, the fran- 
gible line may be formed of an adhesive which will se- 
cure the sheets 36 and 38 together at the pressure P 1f 
but will fail at the pressure P 2 . As an alternative, the fran- 
gible line may be discontinuous, and formed in seg- 
ments, such that the spaces between the frangible line 
segments (or the segments and the edges of the sheets) 
permit the passage of gas and act similar to vent holes 
48. Still further, it is possible to employ both the baffle 
and the frangible seal line. With such an arrangement 
little or none of the initial quantity of gas would be lost 
to the second volume due to the seal line. However, up- 
on failure of the seal line the flow from first volume 22 
to second volume 24 would be controlled, perhaps pro- 
viding improved cushioning in the first volume. 

In the embodiment of Fig. 3 the uninflated second 
volume 24 simply extends outward from the first volume, 
and is essentially flaccid prior to inflation. Since deploy- 
ment of an airbag cushion is extremely rapid, this may 
result in the uninflated second volume flapping about, 
and possibly striking the passenger. To avoid this, there 
are several arrangements possible. 

With reference to Fig. 4, the demarcation line 26 is 
provided by a frangible seal line 50 in the form of a tear 
seam, as will be the case for the remaining options dis- 
cussed below. To secure the second volume, the por- 
tions of the sheets which form the second volume are 
folded inward (i.e., inverted) to form a concavity at the 
upper edge of the second volume. While there remains 
some portion of the second volume which is free to flap, 
the length has been. reduced by approximately half, and 



the flexibility is reduced due to the double thickness. As 
may be envisioned, upon breaking of the frangible seal 
line the second volume will inflate to its full size and 
shape. 

5 A further option is shown in Fig. 5. In this embodi- 
ment the portion of the sheets forming the second vol- 
ume have been folded inward in their entirety, so that 
the entire second volume is inverted, and is received 
below the demarcation line 26 and within the f i rst volume 

10 22. With this arrangement there is no portion of the sec- 
ond volume available to flap. It is noted that the frangible 
line 50 in this embodiment would have to be formed be- 
fore the cushion peripheral sew line is completed. As an 
alternative, the frangible line 50 could be sewn through 

is all four layers of the sheets, permitting easier assembly. 
Figures,6 and 7 do not employ the inward fold ar- 
rangement, but instead generally fold the second vol- 
ume over. As shown in Fig. 6, the upper edge of the sec- 
ond volume has been rolled downward to the demarca- 

20 Won line 26. Thereafter the exterior layer of the rolled 
second volume is secured to the exterior of one of the 
sheets 36 or 38 forming the first volume, such as by an 
adhesive 52. In a slight variation, in Fig. 7 the upper 
edge of the second volume is rotated to form a fold line 

25 along the demarcation line. The folded over second vol- 
ume is then secured to the exterior of one of the sheets 
forming the first volume. 

In the embodiments of Figs. 6 and 7 the demarca- 
tion tine includes the frangible seal line 50, in the form 

30 of a tear seam . Howeve r, d ue to the fold p rovided in each 
case, it may be possible to eliminate the seal line 50 
entirely. Specifically, the fold line will provide a restriction 
to the inflation gas. This restriction may be sufficiently 
strong that the seal line 50 is not necessary. As may be 

35 envisioned, even if the fold provides only an initial re- 
striction, the first volume will begin to inflate, causing the 
fold line to be more secure, increasing the flow restric- 
tion provided by the fold line. As with the seal line, how- 
ever, the force applied through the fabric forming the first 

40 and second volumes will still cause the adhesive to fail, 
and the fold line to unfold, at the pressure P 2 . It should 
also be understood that while tear seams have been 
shown for the frangible seal lines of Figs. 4-7, adhe- 
sives, heat bonding, ultrasonic bonding, etc. could also 

4S be employed. 

In each of the arrangements described above, rt 
should be clear that the first volume vents into the sec- 
ond volume. This venting provides the controlled pres- 
sure drop which allows the first volume to collapse in a 

50 manner to' provide protective support to the passenger. 
As noted, the mere size of the opening(s) to the second 
volume, or the addition of a baffle may be used to ensure 
that the pressure drop within the first volume is not too 
great to provide the protection needed. 

55 such a pressure drop is of course required in the 
second volume to ensure that adequate protection is 
provided there also. This may be achieved by venting 
th second volume. The venting may be back into the 
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first volume. This would of course be possible if the first 
portion of the passenger's body had moved such that 
the first portion was no longer under compression. How- 
ever, even if the first volume is still under compression, 
there can be some venting back into the first volume, 
resulting in a pressure rise within the entire combined 
first and second volume. 

. Alternatively, vents (not shown) could be provided 
in the fabric of sheets 36 and/or 38 forming the second 
volume. These vents could be fully open at all times, 
closed until the second volume reaches its inflation 
pressure, or closed until the second volume reaches 
some yet higher pressure due to compression by the 
passenger. These vents would then permit the inflation 
gas in the second volume to escape into the vehicle cab- 
in to provide a controlled reduction in pressure during 
compression by the passenger. 

As yet a further alternative, the desired pressure 
drop in the second volume may be achieved, partially 
or 1ully, by a reduction in temperature of the inflation gas. 
As is known in the art, a known amount of gas within a 
known volume will vary its pressure with the tempera- 
ture of the gas. This principle is often used to inflate 
cushions by heating a quantity of stored gas. Converse- 
ly, as the gas in the cushion cools (through expansion, 
convection to the cushion fabric, etc.), the pressure with- 
in the cushion is reduced. 

It has been found that the use of a specific type of 
inflator with the cushion of the present invention will pro- 
vide the advantageous result that the cooling of the gas 
will result in a pressure drop at the proper time to provide 
the desired side-impact cushioning effect in the second 
volume without the use of vents. Specifically, by using 
the present side-impact cushion with a fluid-fuelled in- 
flator, and forming the cushion of a substantially imper- 
meable fabric, no vents need be provided. 

To assist in explaining this effect, reference is made 
to Fig, 8. Here there is shown a graph of the pressure 
within a closed volume, over time, resulting from deploy- 
ment of the three main classes of inflators: pyrotechnic, 
hybrid, and fluid fuelled. It is to be understood that these 
are generalized pressure curves, and that variation is 
possible by altering the amount of pyrotechnic material, 
stored gas, etc. 

As illustrated in Fig. 8, each of the classes of inflator 
has a characteristic pressure curve over time. From rel- 
ative zero pressure at the start of deployment, each in- 
flator will rapidly increase to a maximum pressure, 
shown here as occurring at approximately 1 0 ms. There- 
after, the pressure within the closed volume will taper 
o1f . It is in this tapering that the differences between in- 
flator classes are most apparent. Specifically, hybrid in- 
flators typically have a relatively fast pressure reduction, 
while pyrotechnic inflators have a more gradual pres- 
sure reduction. Fluid fuelled inflators, however, such as 
that shown in US 5,470,104 to Smith et al. t fall within 
these extremes. Specifically, the fluid fuelled inflator typ- 
ically has a relatively fast initial pressure reduction, sim- 



ilar to the hybrid inflator. However, this is not continuous, 
and the rate of reduction slows in comparison to the hy- 
brid for a short period of time before again increasing. 
This results in a slight pressure "bump" in the curve. 

5 When used with the present cushion, and for the 
purpose of side- impact protection, it has been found that 
a fluid fuelled inflator provides gas which is well suited 
for the initial inflation of the first volume, and that the 
pressure bump coincides very well to deployment of the 

10 second volume, and that the subsequent increase in the 
rate of pressure reduction coincides very well to the 
needed pressure reduction in the second volume. As 
such, no venting is necessary for such a side impact 
cushion when used with the fluid-fuelled inflator. As may 

15 be envisioned, since there are no vents permitting the 
inflation gas to escape before compression by the pas- 
senger, this feature permits the use of a smaller and 
lighter inflator, since all gas produced will be used for 
cushioning, and none wasted. 

20 The above description has mainly related to the 
function and structure of the cushion. This cushion ar- 
rangement provides the advantages noted above. Fur- 
ther advantages can be achieved in the mounting of the 
cushion to the inflator, and in the forming of a module. 

25 The mounting of the cushion of course depends upon 
the type of inflator employed, etc. A particularly advan- 
tageous arrangement is possible, however, when using 
an elongated cylindrical inflator (such as a fluid-fuelled 
' inflator). 

30 With reference to Fig. 9, the free end of the exten- 
sion section 20 is shown. As may be seen, the sheets 
36 and 38 have extension sections of different length, 
such that the free end 54 of sheet 36 is spaced from the 
free end 56 of sheet 38. As noted, the sheets are se- 

35 cured together at the majority of their periphery by the 
sew line 42. However, the free end 56 of sheet 38 is not 
secured to the sheet 36. As such, the free end 56 defines 
an access opening into the interior of first volume 22. 
An inflator may be received within this access open- 

40 jng. The inflator is preferably of the cylindrical type, 
which typically include a diffuser (through which the gas 
exits) located at one longitudinal end. The inflator in- 
cludes a plurality of mounting bolts 60 (Fig. 10) extend- 
ing outward from its body, and these bolts are received 

45 though mating holes 62 in the sheet 38. In a similar man- 
ner, the sheet 36 also includes holes 62, located upon 
the sheet such that wrapping or folding the free end 54 
over the inflator will bring the holes and bolts into align- 
ment. 

so As may be envisioned, the folding of the free end 
54 serves to substantially close the opening into the 
cushion. By then mounting the inflator to a structural 
item, such as a structural member 16' within the seat 
back 16, the free ends of the cushion will then be se- 

55 curely retained. Specifically, the free ends of the sheets 
will be held interposed between the inflator body and the 
seat back, with the bolts 60 further retaining the free 
ends. For improved reliability, the free ends may include 
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appropriate fabric reinforcement 64 about the holes. 

With this arrangement, while a small portion of gen- 
erated gas may escape, the great majority of gas gen- 
erated, will fill the cushion. Furthermore, the assembly 
hardware is quite simple, requiring only the bolts on the 
inflator body and the holes in the cloth sheets. 
Additionally, the actual assembly operation is very sim- 
ple in comparison to many cushion retaining arrange- 
ments. Other simple mounting arrangements, such as 
that shown in US Serial No. 08/543,953 to Bunker et al., 
included herein by reference above, could also be em- 
ployed. 

In the arrangement shown in Fig. 9, the diffuser for 
the inflator is unmodified. Depending upon the type of 
inflator used, the exiting gas may have sufficient veloc- 
ity, kinematic energy, etc. to damage the cushion. As 
such, it my be desirable to provide a deflector (not 
shown) spaced from the diffuser to channel the flow of 
gas away from vulnerable areas of the cushion. An air 
ternative arrangement providing an encompassing dif- 
fuser is shown in Fig. 10. 

In this embodiment the inflator is mounted within a 
diffuser casing 66. The casing includes a tubular side- 
wall 68 provided with a plurality of exit vents 70, typically 
along a limited angular extent. The sidewall is closed by 
a pair of end caps 72 (only one shown), with the inflator 
inside. The inflator maybe retained in its coaxial position 
by providing the inflator with longitudinally extending 
pins and/or bolts 74 which engage with appropriate mat- 
ing holes (not shown) in the end caps. With this arrange- 
ment the gas from the inflator is channelled through the 
exit vents before entering the first volume, reducing the 
possibility of cushion damage. 

As is shown, the use of. the diffuser casing 66 does 
not preclude the wrap-around cushion mounting de- 
scribed for Fig. 9. Specifically, the diffuser casing may 
be placed in the opening to the cushion and the free end 
56 wrapped around the casing in a manner totally anal- 
ogous to that shown in Fig. 9. 

Fig. 10 also shows a further advantageous module 
aspect, which is the retention of the folded cushion. 
Rather than providing a metal housing to receive the in- 
flator/cushion combination, it is preferred that the folded 
cushion, resting against the exterior of the inflator (for 
the embodiment of Fig. 9) or diffuser casing (for the em- 
bodiment of Fig. 10), be secured in place by a frangible 
film 76. The film will enclose the circumference of the 
cushion, and is tightly wrapped to prevent unwanted 
movement of the cushion. The film may be a shrink wrap 
plastic, a non-shrink wrap plastic, or a paper. Depending 
upon the tear strength of the film, the film may have a 
series of perforations (not shown) to increase its f rangi- 
bility. As may be envisioned, the film will securely retain 
the folded cushion in position during periods of inactivity. 
Upon deployment of the cushion, however, the force of 
the expanding cushion will tear or break the film, permit- 
ting complete inflation of th cushion. 

The previous discussion has detailed th structure 



of the cushion, the mounting of the cushion to the infla- 
tor, and the mounting of a completed module to the ve- 
hicle. There is of course an interm diate step of folding 
the cushion to its storage configuration prior to securing 

5 it with the film 76. While various folding techniques may 
be employed, depending upon the placement and use 
of the module, for use as a side impact system there are 
preferred folding arrangements. 

With reference to Figs. 11-16, there is shown a first 

to folding technique for a side impact cushion similar to 
those described above. In Fig. 11 the cushion is in its 
flat, initial condition, and has the general L shape as in 
Fig. 1 . As such, the cushion includes the two overlaid 
sheets 36 and 38, each having a substantially aligned 

is periphery including: a lower, horizontal edge 78 extend- 
ing from the rear (the free end of the extension section 
20) to the front; a front vertical edge 80; a top horizontal 
edge 82; a rear vertical edge 84; and an extension top 
edge 86. 

20 Fig. 1 2 shows the first step to be the securement of 
the second volume (if the second volume is to be se- 
cured against flapping). In this embodiment the second 
volume is secured by the partial inversion shown in Fig. 
4, although the other securing arrangements illustrated 

25 above could also be used. For this inversion the top 
edge 82 is moved downward between the sheets 36 and 
38, creating folds in the front and rear vertical edges 80 
and 84. 

Fig. 1 4 shows the next step to be inversion of the 

30 lower forward corner. For this step the portion of the for- 
ward edge below the demarcation line 26 (or top edge 
82 as made clear below) is rotated clockwise between 
the sheets 36 and 38 to be substantially parallel to the 
demarcation line 26 (or top edge 82). This causes a por- 

35 tion of the lower edge 78 to extend upward between the 
sheets, and creates a concave pocket 88 having folded 
side edges 90. 

As shown in Figs. 14 and 15, the next step is to 
spread the folded side edges 90 apart, opening the 

40 pocket 90. This action forces the inverted top edge and 
surrounding sheets to rotate downward. This downward 
rotation is continued at least until a large portion of the 
second volume is received between sheets 36 and 38, 
and at most until further rotation is blocked by the lower 

45 edge 78, whereupon the cushion is again made flat, 
causing each of the side edges 90 to be folded, and a 
portion of the second volume is received between the 
side edges. The final step, shown in Fig. 16, is to form 
a series of accordion folds along vertical lines, with four 

so such folds being preferred. The resulting sections be- 
tween these vertical folds are laid upon each other, re- 
sulting in a configuration similar to that shown in Fig. 1 0. 

As may be envisioned, deployment of the cushion 
folded in this manner will first result in the cushion un- 

55 folding to the position shown in Fig. 15. This unfolding 
process moves in a predominantly forward direction and 
serves to position the first and second volumes along- 
side the passenger. This process also serves to initially 
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move the cushion forward with a minimum profile, re- 
ducing the possibility that the cushion will be blocked. 
Thereafter, the cushion unfolds to the position of Fig. .1 3 
by rotation of the second volume forward and upward, 
to complete the first volume inflation. This rotation of the 
second volume continues the forward momentum, and 
does not work against the natural flow of the cushion. 
Once the first volume is in proper position the unfolding 
process is essentially complete, as the deployment of 
the second volume is effected by the compression of the 
first volume. This deployment simply inverts the second 
volume to its original position. As may be seen, the de- 
ployment process produced by this fold arrangement is 
smooth, fast, and faces a minimum of possible obstruc- 
tion. 

. While this arrangement has been described for a 
cushion having the initially inflated first volume and the 
compression inflated second volume, it is equally appli- 
cable to any L shape cushion. Specifically, if the cushion 
retained the same structure, but the inflator produced 
more gas, such that the second volume was inflated be- 
fore any compression (as in US 5,454,595, issued Oc- 
tober 03, 1 995), this fold arrangement would still be ap- 
plicable. Furthermore, an L shape cushion having no de- 
marcation line 26 or seal line 50, thus simply having a 
single L shaped volume, could also be folded advanta- 
geously in this manner. 

An alternative fold arrangement for this same cush- 
ion is shown in Figs. 17-22. As with the previous em- 
bodiment, the cushion is shown in the initial flat condition 
in Fig. 17, and with the second volume secured in Fig. 
18. It is noted that the inversion of the second volume 
produces a concave top pocket 92 (Fig. 20) having the 
top edge 82 at its innermost edge. 

In a departure from the previous embodiment, at 
this point the upper forward comer (rather than the lower 
as shown before) of the first volume is inverted as shown 
in Figs. 1 9 and 20 such that the forward vertical edge 
80 of the first volume is rotated to be substantially par- 
allel to the lower edge 78 and between the sheets 36 
and 38. As before, this step creates a concave pocket 
88* having folded side edges 90'. In this embodiment, 
however the second volume is placed between these 
side edges with this step alone. 

The previous step forms a triangular corner 94 at 
the forward lower edge, consisting of the lower edge 78 
and the two side edges 90'. In the next, optional, step, 
the triangular lower forward corner is folded back upon 
itself, in the manner of an inversion, such that the corner 
94 is tucked between one of the side edges 90' and the 
second volume. Alternatively, if the second volume has 
been secured by the partial inversion of Fig. 4, the cor- 
ner may be tucked into the pocket 92. This is shown in 
Fig. 21 . The final step, shown in Fig. 22, is identical to 
that in the previous embodiment, and the accordion 
folds again produce a configuration similar to that shown 
in Fig. 10. 

As may be envisioned, this again results in a folded 



cushion which deploys reliably and quickly. As before, 
the accordion folds expand first, positioning the first and 
second volumes adjacent the passenger, and in the 
form of Fig. 21 . Thereafter, the second volume 24 is ro- 
s tated forward and upward, forcing out the corner 94 (if 
tucked in). This arrangement thus performs in a similar 
manner and with similar advantages to the first fold ar- 
rangement. 

While various arrangements have been shown in 

10 Figs. 3-7 for securing the second volume, the preferred 
arrangement is the partial inversion of Fig. 4. This partial 
inversion technique may also be used to advantage in 
folding standard side-impact cushions (i.e., those which 
have only a single volume) mounted to a seat back as 

is previously shown. Three folding techniques using such 
inversions will now be described. 

With reference to Figs. 23-30, a first technique is 
shown for folding a standard side impact cushion, gen- 
erally designated by reference numeral 96 in Fig. 23. In 

20 a manner analogous to the previous cushion, this cush- 
ion 96 includes an extension section 98 leading to, and 
in communication with, a main volume 100. As before, 
the free end of the extension section will be attached to 
an inflator mounted upon the outer edge of a passenger 

25 seat back. The cushion is formed of first and second 
sheets 102 and 104 (Fig. 25) of flexible fabric, laid upon 
each other with their substantially similar peripheries 
aligned. 

These peripheries include a lower horizontal edge 

30 106, a forward vertical edge 108, a top edge 110, and 
free ends 112 and 114, respectively. The top edge 110 
may be strictly horizontal, or, as shown, may include an 
angled portion to provide a larger vertical extent to the 
main volume. The edges 1 06-11 0 are secured together, 

35 as by a sew line 116 (Fig. 25). As before, the free ends 
112 and 114 define an opening through which the infla- 
tion gas may flow, and the free ends may include appro- 
priate bolt holes (not shown) and reinforcement 1 1 8 for 
mounting the cushion to the inflator in a manner analo- 

40 gous to that shown in Figs. 9 and 10. The cushion, when 
deployed will move forward from the seat back, between 
the passenger and the side 14 of the cabin. When fully 
deployed, the main volume will be located intermediate 
the torso (and possibly head) of the passenger and the 

45 side 1 4 of the cabin. 

Having described this cushion, the folding process 
will now be detailed. With reference to Fig. 23, the cush- 
ion is first laid out flat in its deployed form. First and sec- 
ond imaginary vertical lines 120 and 122 are then de- 

50 fined over the flat cushion. The first line 120 is spaced 
from the front vertical edge 108 by a distance of approx- 
imately one fifth of the horizontal length of the cushion 
to define a forward end 124 between the line 120 and 
edge 108. The second line 122 is spaced from the first 

ss line 1 20 by an approximately equal distance. 

The forward end 1 24 is then clamped to hold the 
sheets 102 and 104 together. Thereafter, the sheets 102 
and 104 are separated along the second line 122, and 
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the clamped front end is moved rearward between the 
sheets. This is continued until the front edge 108 is lo- 
cated at the position of the second line 122, and results 
in the configuration shown in Figs. 24 and 25. As may 
best be seen in Fig. 25, this creates a pair of inner folds 
126 at the rear of the forward end, and a pair of outer 
folds 128 adjacent the front edge 108. This defines a 
pocket groove 1 30 between the outer folds 1 28 and the 
forward end 124. It should be clear that this pocket 
groove, when viewed from the front, is actually an elon- 
gated elliptical groove surrounding the front edge 108. 
It is also noted that this does not result in a true inversion 
of the forward end, but what is* referred to herein as an 
accordion inversion. While not preferred, a true inver- 
sion could be employed. 

At this time third and fourth imaginary vertical lines 
132 and 134 are defined. The third imaginary line is 
spaced from the outer fold by a distance approximately 
equal to that of the previous lines and defines an inter- 
mediate end 1 36 between line 1 34 and outer folds 1 28. 
The fourth line, however, is spaced from the third line by 
a greater distance. While variable, this greater distance 
will be between approximately 1 .2-2 times the previous 
line spacing, with 2 times being preferred. As before, the 
intermediate end 136 is clamped to hold the sheets to- 
gether, while the sheets are separated at the fourth line. 
The intermediate end is then inserted between the 
sheets until the outer folds 128 are approximately at the 
position of the fourth line i 34. This results in the config- 
uration shown in Figs. 26 and 27. 

As is best seen in Fig. 27, this step forms another 
accordion inversion, resulting in an interior fold 138 and 
an exterior fold 1 40. It is noted that the common spacing 
between the third line and the outer fold results in the 
inner fold 126 and the interior fold 128 being in proximity. 
However, the increased spacing between the third and 
fourth lines results in the exterior fold 1 40 defining a col- 
lar 142 extending .forward of the outer fold 128. Again, 
this collar will appear as an elongated ellipse when 
viewed from the front. 

The penultimate step in this process is to fold the 
collar 142 inward and into the pocket groove 130. This 
configuration is shown in Figs. 28 and 29. As may be 
envisioned, the collar will be releasably held in this po- 
sition by the friction generated in the pocket groove, with 
the exterior fold 1 40 being closely adjacent to the inner 
fold 126. The final step is illustrated in Fig. 30, and con- 
sists of forming one or more accordion folds, causing 
the fully folded cushion to take a configuration similar to 
that shown in Fig. 1 0. 

During deployment of the cushion 96 folded in this 
manner, the inflation steps are essentially reversed from 
folding. Specifically, the accordion folds of Fig. 30 are 
first reversed, bringing the cushion to the Fig. 28 con- 
figuration. The pressure within the cushion will then 
cause the collar 142 to disengage from the pocket 
groove 1 30. It is noted that during this step the exterior 
folds move laterally outward of the cushion, and are thus 



less likely to become entangled compared to a laterally 
inward movement. This outward movement may also 
serve to move the sheets 102 and 104 laterally away 
from the interior folds 1 38, possibly creating a preferred 
5 gas flow into the collar such that the intermediate end 
136 moves forward substantially intact, to the configu- 
ration shown in Figs. 24 and 25. ■ 

The final step is the forward movement of the for- 
ward end 1 24 to its fully extended position, shown in Fig. 
10 23. It may thus be seen that the fold arrangement of the 
invention provides a side impact cushion which deploys 
in a true forward direction. Furthermore, the cushion 
maintains a minimum cross-section during this forward 
movement to avoid possible entanglement. This pro- 
75 vides a deployment which is fast, reliable and safe. 

The second folding technique for the cushion 96 is 
shown in Figs. 23, 25 and 31-38. The cushion 96 is the 
same as in the previous folding technique, and as such 
is shown in Fig. 23. As before, the cushion 96 is first laid 
20 flat, and the first and second imaginary lines 120 and 
122 are defined as in Fig. 23. In this embodiment, how- 
ever, the spacing between the front edge and the first 
line and between the first and second lines, may be ap- 
proximately one fourth of the cushion length. Also as be- 
25 tore, the forward end 124 is clamped, the sheets sepa- 
rated at the second line 1 22, and the forward end insert- 
ed between the sheets until the front edge 108 is ap- 
proximately aligned with the second line 122. This, re- 
sults in the configuration shown in Figs. 25 and 31, 
30 which correspond to the first folding technique. As be- 
fore, inner and outer folds 126 and 128 are formed by 
this accordion inversion. 

Also as with the first technique, third and fourth im- 
aginary lines 1 32 and 1 34 are defined, as shown in Fig. 
35 31. The third imaginary line is again located approxi- 
mately over the inner fold 126, and defines an interme- 
diate end 136 between the third line 132 and the outer 
fold 128. In this technique, however, the spacing be- 
tween the third and fourth lines is approximately equal 
40 to the spacing between the third line 1 32 and the outer 
fold. The intermediate end 136 is then clamped, the 
sheets separated at the fourth line 1 34, and the inter- 
mediate end inserted between the sheets until the outer 
fold 128 is approximately aligned with the fourth line 
45 134. 

This again creates the interior fold 1 38, and the ex- 
terior fold 140, which for this technique is further spec- 
ified as a lower exterior fold 144 in the first sheet 102 
and an upper exterior fold 146 in the second sheet 104. 

so This configuration is shown in Figs. 32 and 33. It is noted 
that the equal spacing between the third and fourth lines 
1 32 and 1 34 results in the exterior folds being in close 
proximity to the outer folds 128. 

At this time an imaginary angle line 148 is defined. 

55 The angle line extends between a first point 1 50 on the 
top edge 110, spaced from the exterior folds, and a sec- 
ond point 152 on the exterior fold, spaced from the top 
edge 110. Apullpoint 154 is also defined on the exterior 
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folds, at a position intermediate (and preferably at the 
mid-point between) the top edge 110 and the second 
point 1 52. 

The next step in the process is to clamp the sheets 
together at the first and second points 150 and 152. 
Thereafter, the front edge 108, the outer folds 128, and 
the upper exterior fold 1 46 are loosely clamped together 
at the pull point 154, and are referred to as held folds 
156. The held folds 156 are then lifted 'from the lower 
exterior fold 144, at the pull point, and are folded over 
about the imaginary angle line 148. This is illustrated in 
Fig. 34. This folding is continued until the held folds 156 
are folded over onto the exterior of the second sheet 
104, as illustrated in Fig. 35. As shown, this results in 
the held folds also being folded along a pull line 1 58 con- 
necting the pull point 1 54 and the first point 1 50. 

During the initial folding of the held folds there may 
be some slight relative movement of the outer folds 128 
and front edge 108 with respect to the upper exterior 
fold 146. However, for the most part the movement of 
the held folds away from the lower exterior fold 144 is 
permitted by a partial unfolding of the interior fold 1 38 
adjacent the lower exterior fold 144. This unfolding is 
most pronounced along a starter line 160 connecting the 
two separated pull points 1 54 shown in Fig. 35, where 
the fabric of the first sheet is pulled taut. It is noted that 
during this folding step the sew line 1 1 6 between the first 
and second sheets (exaggerated at the top of Fig. 34 
for clarity) is moved to angle downward between the two 
pull points 154. 

The penultimate step in this folding technique is to 
clamp the held folds along the pull line 158, and rotate 
the held folds in the reverse direction about the imagi- 
nary angle line 148, During this step the sew line 116 is 
maintained in the position shown in Fig. 35, such that 
the sew line between the first and second points 150 
and 152 becomes a fold line. This is continued until the 
two pull points are again laying upon each other and the 
held folds are lying flat upon the lower exterior fold 1 44 
with the sew line therebetween. This is illustrated in 
Figs. 36 and 37. As is best shown in Fig. 37, the starter 
line 160 is now visible from the front end at a point just 
below the sew line 116. As with the previous embodi- 
ment, the final step is a series of accordion folds to pro- 
duce a final form similar to that in Fig. 10. 

As would be expected, the deployment of the cush- 
ion 96 folded using this second technique is substantial- 
ly the reverse of the folding process. As before, the first 
deployment step is the unfolding of the accordion folds 
to achieve the condition shown in Figs. 36 and 37. At 
this point the inflation gas begins to exert pressure 
against the accordion inverted intermediate and forward 
ends 124 and 136. In general, the pressure then forces 
the various folds to reverse and inflate the cushion. 

Specifically, the various inner, outer, interior and ex- * 
terior folds are in close proximity to each other, and have 
a substantial depth (i.e., the spacing between the verti- 
cal imaginary lines). As such, there is an appreciable 



amount of friction between the folds, which resists infla- 
tion. However, the starter line 1 60 has much less of this 
friction. First, the starter line is located in an area where 
the spacing between adjacent folds is the greatest, re- 

s due in g the force upon the starter line. Additionally, the 
depth of the starter line is much less that the other folds, 
since the depth was reduced during the step of folding 
the held folds. As such, the inflation pressure will typi- 
cally force the starter line outward before other areas of 

10 folds. 

While this inflation begins at the starter line, it quick- 
ly expands around the elliptical interior fold 138, forcing 
the forward end 124 outward as a unit, to form a config- 
uration as shown in Figs. 25 and 32. Inflation continues 

is with the forcing out of the inner folds 1 26 to achieve the 
full inflated form of Fig. 23. In this manner the interme- 
diate, and then the forward ends are inflated in order. 
This may help to ensure that the cushion will move for- 
ward with the minimum cross-section, since the folded 

20 and accordion inverted forward end is smaller than the 
i inflated forward end. As such, it may be seen that the 
present fold technique reduces the possibility of cushion 
entanglement, while providing a fast and reliable de- 
ployment. 

25 The third and final folding technique for the cushion 
96 is shown in Figs. 23, 25, 31 , 33 and 39-42. The cush- 
ion 96 is the same as in the previous folding techniques, 
and as such is shown in Fig. 23. As before, the cushion 
96 is first laid flat, and the first and second imaginary 

30 lines 120 and 122 are defined as in Fig. 23. In this em- 
bodiment, however, the spacing between the front edge 
and the first line and between the first and second lines, 
may be approximately one fourth of the cushion length. 
Also as before, the forward end 124 is clamped, the 

35 sheets separated at the second line 122, and the for- 
ward end inserted between the sheets until the front 
edge 108 is approximately aligned with the second line 
122. This results in the configuration shown in Figs. 25 
and 31 , which correspond to the first folding technique. 

40 As before, inner and outer folds 1 26 and 1 28 are formed 
by this accordion inversion. 

As with the second technique, third and fourth im- 
aginary lines 132 and 134 are defined, as shown in Fig. 
31. The third imaginary line is again located approxi- 

45 mately over the inner fold 126, and defines an interme- 
diate end 136 between the third line 132 and the outer 
fold 1 28. The spacing between the third and fourth lines 
is again approximately equal to the spacing between the 
third line 132 and the outer fold. The intermediate end 

50 1 36 is then clamped, the sheets separated at the fourth 
line 1 34, and the intermediate end inserted between the 
sheets until the outer fold 128 is approximately aligned 
with the fourth line 134. 

This again creates the interior fold 1 38, and the ex- 

55 terior fold 140, which is again further specified as a lower 
exterior fold 144 in the first sheet 102 and an upper ex- 
terior fold 146 in the second sheet 104. This configura- 
tion is shown in Figs. 33 and 39. The equal spacing be- 
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tween the third and fourth lines 132 and 134 again re- 
sults in the exterior folds being in close proximity to the 
outer folds 128, 

At this point the final folding technique departs from 
the previous technique. In this third folding embodiment, 
a central section of the exterior fold 1 40 is defined as a 
clamping section 162, with the upper and lower ends of 
the clamping section being spaced from both the lower 
edge 1 06 and top edge 1 1 0. Within this clamping section 
the upper exterior fold 1 46 is clamped to the adjacent 
portion of the adjacent outer fold 128, creating an upper 
pull section 164 (Fig. 40). Similarly, the lower exterior 
fold 144, within the clamping section 162, is clamped to 
the adjacent portion of its adjacent outer fold 128, cre- 
ating a lower pull section 166. 

The upper and lower pull sections 164 and 166 are 
then moved away from each other, spreading apart the 
inner folds 126. This is continued until the exterior fold 
140 between the clamping sections are pulled taut, as 
indicated by the horizontal sections of the fold 1 40 in 
Fig. 40. This forms upper and lower trapezoidal wings 
168 and 170, each extending outward from, and con- 
nected to, a central vertical line 172. It is noted that the 
length of the clamping section will affect the distance the 
clamping sections may be pulled apart. It is preferred 
that the length is chosen such that the distance between 
the pull section 164 and 166 in Fig. 40 is approximately 
twice the length between the inner and outer folds 126 
and 128. 

It is noted that the front vertical edge 108 remains 
in the center between the pull sections. During the 
spreading process the fabric between the inner fold 1 26 
and the edge 108 will be compressed inward along a 
series of random pleats (not shown) by the surrounding 
fabric, so that the edge 108 remains in a plane contain- 
ing the pull sections. Alternatively, the edge 108 could 
be clamped together to the upper or the lower pull sec- 
tion 164 or 166, and thus folded over. Either arrange- 
ment is acceptable. 

' At this point two vertical fold lines 174 are defined, 
one approximately centered between each of the pull 
sections 164, 166 and the central vertical line 172. The 
sections of the wings beyond these fold lines are 
clamped in position and folded inward about the asso- 
ciated vertical line 174 to rest upon the wing. This ar- 
rangement is shown in Fig. 41 . Thereafter, the two wings 
are folded about the central vertical line 172 to lie upon 
each other within the plane of the remainder of the cush- 
ion. This is shown in Fig. 42. As the final step, the re- 
sulting cushion is subjected to a series of accordion 
folds to produce a final form similar to that in Fig. 10. 

Again, the deployment sequence is substantially 
the reverse of the folding process. In this arrangement, 
the folding of the wings is the main difference from the 
previous embodiment. After initially unfolding the accor- 
dion folds, the wings will unfold, in reverse order to that 
described, to reach the form of Fig. 39. This is assisted 
by the pressure of the gas, but the fabric may have some 



resistance to the various folds such that unfolding is also 
urged by the fabric itself! Thereafter, the deployment is 
similar to that described above. Again, th deployment 
is reliable, fast and directed substantially in the forward 

5 direction. 

As noted above, in each of the three embodiments 
shown for folding the standard side-impact cushion, the 
initial folds have been formed using an accordion inver- 
sion, rather than a true inversion. This results in the edge 

10 108 extending outward from the folds 126 in Fig. 25. It 
is possible, however, to use a true inversion. In the em- 
bodiments described, the first step would be to invert 
the portion of the cushion which is forward of the line 
120, rather than to clamp and invert the forward end 1 24. 

is The remaining steps would all be equivalent, and would 
result in a configuration as shown in Fig. 43; which is a 
view similar to that shown in Fig. 33. As may be seen, 
the volume between the fold 1 28 may easily receive the 
collar 1 42 for the first embodiment, be clamped together 

20 for the second embodiment, or be spread apart for the 
third embodiment. As such, true inversions may also be 
used with little impact upon the operation of the cushion. 

While side-impact cushions mounted upon the seat 
back have been discussed in detail, it should be noted 

2S that the present concept of using two volumes, with the 
second volume being deployed by compression of the 
first volume, is not so limited. For example, this concept 
may be applied to a side-impact cushion mounted to a 
door similar to that shown in U.S. Patent No. 5,324,072. 

30 As illustrated in Fig. 44, such a cushion 10* has a gen- 
erally rectangular form, with first and second sheets 
joined about their periphery. One of the sheets includes 
an opening near its center, through which an inflator 58* 
is mounted. As disclosed in that patent, it is preferred to 

35 inflate the lower portion of the cushion first, then the up- 
per portion. This adapts well to the present invention, 
and the lower portion, including the inflator, may com- 
prise a first volume 22', while the upper portion compris- 
es a second volume 24'. As with the first embodiment 

40 of the cushion, the volumes are separated by a demar- 
cation line 26' which includes a flow restriction. The re- 
striction may take any form described herein. The oper- 
ation of the cushion will be analogous to that described 
above, and provide all the same advantages, with the 

45 sole exception of movement with the seat. Other ar- 
rangements are of course possible. 



Claims 

50 

1. A method of protecting an occupant (28) in a cabin 
of a vehicle, comprising the steps of: 

providing a vehicle with an inflator (58); 
55 * providing said vehicle with a cushion (10), said 

cushion including a first volume (22) communi- 
cating with said inflator and a second volume 
(24) communicating with said first volume; 
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upon sensing a collision, causing said inflator 
to produce a quantity of inflation gas to thus op- 
eratively inflate only said first volume (22); 
permitting a first portion (32) of the occupant's 
body to compress said first volume, said com- 
pression forcing at least a portion of said infla- 
tion gas into said second volume; and 
permitting a second portion (34) of the occu- 
pant's body to compress said second volume. 

2. A method as claimed in claim 1 , wherein the step 
* of causing inflation of said first volume (22) further 

includes causing said first volume to extend be- 
tween a side (1 4) of said vehicle and said occupant 
(28). 

3. A method as claimed in claim 1 or claim 2, wherein 
said first portion (32) of said occupant's body is a 
torso, and said second portion (34) of said occu- 
pant's body is a head. 

4. A method of folding an airbag cushion (10), com- 
prising the steps of: 

providing a cushion having first and second 
sheets (36, 38) in overlying relation, at least a 
portion of said cushion having the general form 
of a rectangle with said sheets secured togeth- 
er along bottom, front, top and rear edges (78, 
82, 80, 84); 

defining a line (26) extending across said cush- 
ion from said rear edge (84) to said front edge 
(80) intermediate said top and bottom edges 
(78, 82), an upper portion (24) being defined 
above said line; 

holding said sheets together in said upper por- 
tion while separating said sheets below said 
line; 

rotating said upper portion about the intersec- 
tion of said line . (26) and said rear edge (84), to 
thus place said upper portion between said 
sheets; and 

forming a series of accordion folds along lines 
parallel to said rear edge, in its original position. 

5. A method as claimed in claim 4, wherein said rotat- 
ing step continues until said line (26) is substantially 
parallel with the original position of said rear edge 
(84), and a portion of said front edge (80) above said 
line is substantially parallel with said bottom edge 
(78), said upper portion (24) being located between 
folded side edges (90') extending from a lower end 
(94) of said front edge to said intersection of said 
line and said rear edge. 

6. A method as claimed in claim 4, further including, 
prior to said holding step, the steps of: 
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defining a lower front comer at the intersection 
of said bottom and front edges (78, 80); 
separating said sheets (36, 38) at a central lo- 
cation within said edges, and thereafter invert- 
ing said lower front corner between said sheets 
such that a portion of said front edge (80) below 
said line (26) extends between said sheets sub- 
stantially parallel to said line, and a portion of 
said bottom edge (78) extends upward be- 
tween said sheets, folded side edges (90) being 
formed between remaining portions of said 
front and bottom edges, 
and wherein, in said holding step, said step of 
separating said sheets comprises separating 
said folded side edges (90). 

A side impact airbag cushion (10) comprising a first 
volume (22) having an inlet portion (20) for gas from 
an inflator and a second volume (24) adjacent the 
first volume, said first and second volumes being 
separated from one another by a demarcation line 
(26) having means (44, 50) for restricting the flow 
of gas from the first volume to the second, whereby 
gas from an inflator first inflates the first volume, the 
second volume being inflatable in turn by external 
compression of the inflated first volume. 

A side impact airbag cushion according to claim 7 
wherein a frangible seal line (50) is provided along 
the demarcation line (26). 

A side impact airbag cushion according to claim 7 
or claim 8 wherein the means for restricting the flow 
of gas comprises a baffle (44) with vent holes (48). 
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